Histochemical staining methods combined with specific enzymatic hydrolysis and chemical substitution procedures have permitted the cytologist to visualize, and in some instances to quantitate by microphotometric methods, many cellular constituents. Methods for histochemical detection of specific proteins or of characteristic groups in proteins are few, and some of those presently available are somewhat cumbersome for routine histological use, or result in formation of highly unstable color complexes whose quantitative relationship to the substances tested is often unknown. As far as the distinction between histones and non-histones, or, in general, between proteins of different isoelectric points, is concerned, the methods previously used have included u.v. absorption-spectroscopy,' a modification of the Millon reaction,2 and staining with acid and basic dyes at a series of different pH's.3 The last-named method, which makes use of the amphoteric nature of proteins and their resulting ability to form salts with acid and basic dye ions, has been used extensively in the past. However, up to now it has not been possible to define any set of conditions under which a particular type of protein could be visualized selectively by a single staining operation involving only one dye. The -t t 0 ; t i t mitotic figures are evident (which aside from the onion root tips was also the case in activated rat thyroid glands) is of considerable importance since chromosomes are mainly composed of nucleic acid, histone and "residual protein," or "chromosomine." Hamer8 has recently reviewed the available evidence for the acidic nature of nuclear and chromosomal non-histone proteins. On the basis of the model experiments reported below, proteins of this type would not be expected to stain.
In order to test this staining procedure model experiments on known proteins, protamine (salmine), desoxyribonucleic acid (DNA) and protamine-nucleate were undertaken. Commercial crystalline proteins and edestine were dissolved in suitable aqueous media in amounts calculated to provide solutions containing the same concentrations of total basic groups (6 ,uM basic groups/ml.). Six ,ul. drops of these were spotted on filter paper, fixed in 80% alcohol followed by formalin, washed and stained with Fast green at pH 2.2 or 8. Typical results are summarized in figure 5 .
It appears evident that the ability to bind acid dye at high pH is correlated with a high isoelectric point of the protein itself, rather than with the presence of any particular basic group: Protamine, histone, lysozyme, and cytochrome C (not illustrated) are able to stain at pH 8 ary, at low pH. If this were the case, it would be exceedingly difficult to detect since this phenomenon can be expected to be overcompensated by a stronger opposite effect, namely, the partial inhibition of protein staining in presence of nucleic acid.5 Although the results of the model experiments reported here may not apply exactly to observations made on fixed and stained tissues, they still make it doubtful whether acid staining at low pH can be used for quantitative determination of basic protein groups in tissue sections unless nucleic acids were removed prior to staining.
It should be added that the staining of model proteins has proved to be quite reproducible. In all instances was it possible to demonstrate by restaining at pH 2.2 that the failure to stain at pH 8 was not due to elution of the stainable material. Exposure of the paper strips to hot TCA, as is done in the histological application of the procedure, does not alter the results except that protamine is almost totally extracted. Since no protamine containing fish sperm was available to us, we do not know whether protamine would be lost from cell structures during this procedure. If this were found to be the case, it might be circumvented by enzymatic removal of DNA in such cases.
The assumption that histones or histone-like proteins are mainly responsible for the histological staining picture is thus supported by the model experiments and can be subjected to some further verification based on known analytical findings. Recent biochemical data1' indicate that histones occur in a constant quantitative ratio to DNA in cell nuclei; neither of these compounds varies in amount when cells undergo physiological changes that bring about considerable variations in nuclear nonhistone protein content. We have consequently determined the "DNAhistone ratios" of several series of tissue nuclei by microphotometric estimations of Feulgen-dye, and of Fast green bound at pH 8. The methods used have been described previously'2 and the results are summarized in Optical conditions of microphotometric measurements: Beckman B spectrophotometer used as light source; animal nuclei were measured at 550 mA for Feulgen-, and at 630 m,u for Fast green determinations, with 0.3 mm. slit width. To avoid stray light error in measuring the very dense root tip nuclei, measurements were conducted at 600 m,u, close to 50% of peak absorption for both dyes.
* Amounts of dye are given in arbitrary units calculated according to the formula: amount = (0.6 average nuclear diameter)2 X optical density X 100. Numbers in parentheses are numbers of measurements. (2) constants Ks = (k2 + k3)/kl and k3, and eventually of Kpl = k5/k4, KP2 = k7/k6, etc., is a problem of considerable practical importance which is complicated not only by the possible competitive interaction of the free enzyme with one or more of the reaction products but also by the fact that the integrated rate equation contains both a zero and a first order term.
The traditional solution of this problem has been to study the reaction in its initial stages so as to minimize the difficulties arising from the possible interaction of the free enzyme with one or more of the reaction products and to estimate the initial velocities, at the various initial specific substrate
